INTRODUCTION
Herbaceous plants contain numerous natural compounds with high medicinal value and health benefits. Medicine derived from plants is relatively safer, more tolerant to the patients, cheaper and always have a competitive advantage (Chong et al. 2018; Sen et al. 2009 ). Indeed, about 75-80% of the global population rely on natural products for their medicinal purposes (Kamboj 2000) .
Therefore, there is a growing interest among the researchers to investigate scientific basis of the traditional medicinal plants.
Zingiber zerumbet or also known as lempoyang belongs to Zingiberaceae family and is widely cultivated throughout the tropics and South East Asia. Z. zerumbet rhizome, has been consumed as a traditional medicine for many years among Asian population as a cure for fever, stomach ache, sores and also to treat worm infestations (Bhuiyan et al. 2009; Somchit & Shukriyah 2003) . Pharmacologically, this rhizome also showed high antioxidant activities (Hamid et al. 2018 ) and contained various medicinal values including protection against paracetamol-induced hepatotoxicity (Hamid et al. 2011) and nephrotoxicity (Abd Hamid et al. 2012) .
Red blood cells (RBCs) are regularly exposed to reactive oxygen species (ROS) and are among cells that are highly exposed to oxidative damage as results of continuous exposure to high concentration of oxygen and the presence of strong oxidative catalyst such as oxygen radicals. Furthermore, RBCs membrane is rich in polyunsaturated fatty acids (PUFA) making them extremely susceptible to lipid peroxidation and oxidative membrane damage (Konyalioglu & Karamenderes 2005) . According to Okoko and Ere (2012) (Okoko & Ere 2012) . H 2 O 2 was previously reported as catalyst for protein and lipid oxidation that drive oxidative cell damage in RBCs (Srour et al. 2000) . Oxidative damage contributes to senescence in normal RBCs, and leads to several functional and morphological disturbances such as advanced loss of deformability, reduced RBC lifespan and various RBCs disorder (Nagababu et al. 2003) .
RBCs disorder caused by oxidative stress could be characterized either by an impaired antioxidant defence system or by increased production of ROS, which overwhelms the endogenous defence mechanism. Due to limited repair mechanisms, the inherent antioxidant system in RBCs may not provide adequate protection against oxidative damage and lead to membrane destruction and haemolysis. However, RBCs can be protected from such ROS-mediated damage by pharmacologically boosting the endogenous antioxidant system. Physiologically, the enzymatic antioxidant such as glutathione peroxidase (GPx), catalase and superoxide dismutase (SOD), as well as non-enzymatic antioxidant compounds including ascorbic acid, α-tocopherols, reduced glutathione (GSH) and other thiols group protect the biomolecules including lipids and proteins from the oxidative damage (Anderson & Phillips 1999; Tavazzi et al. 2000) .
Oxidative damage of RBCs remains a primary etiology for RBCs disorders. Under any pathological circumstances, insufficiency of the endogenous antioxidants in RBCs can occur, thus the antioxidants are needed to be provided exogenously (Kiruthiga et al. 2007) . Antioxidant from the nutrient sources are essential and it is believed that antioxidant supplements are good to prevent diseases that related to ROS activities. Given that Z. zerumbet extract is enriched with antioxidant activities (Ruslay et al. 2007 UKMB-29952) . The cleaned rhizomes were chopped and dried for three days at room temperature; and were soaked in n-hexane twice for 48 h, followed by ethyl acetate twice for 48 h, respectively. Ethyl acetate extract was collected and evaporated using rotary evaporator as previously described (Hamid et al. 2011 ). The crude extract was stored at 4°C till further analysis. Prior to use, the Z. zerumbet extract was dissolved in 10% v/v dimethyl sulfoxide (DMSO) in normal saline.
IDENTIFICATION OF EXTRACT COMPOUNDS BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-MS)
GC-MS was used for compound identification due to greatest sensitivity and specificity in identifying lipid soluble compounds which may benefit RBC membrane and was analyzed using available database and spectral libraries. Briefly, the extract was analyzed using GC-MS Shimadzu QP5050A equipped with a capillary column HP5.30m. For detection, an electron ionization system was operated in electron impact mode with an ionization energy of 70 eV. The helium gas was used as a carrier gas at a constant flow rate of 1 mL/min. The injector temperature was 250°C (mass analyser) while the oven temperature was programmed from 70-280°C at 6°C/min with initial hold of 4 min. Diluted sample was injected in the split mode with a split ratio and the spectrums of the unknown component were compared with the spectrum of the known components using data base of National Institute Standard and Technology (NIST) to ascertain the name, molecular weight and of the components.
RED BLOOD CELLS PREPARATIONS
The institutional animal ethic committee of Universiti Kebangsaan Malaysia (UKMAEC) had approved the animals handling model. Few studies showed a significant gender difference associated with oxidative stress. Oestrogen could have protective properties and that maybe involved (Bhatia et al. 2012) . Therefore, in this study male Sprague-Dawley rats have been used in order to eliminate the oestrogen dominance role. Rats weighing between 200 and 240 g were housed in standard polypropylene cages and maintained at an ambient room temperature (12 h light/12 h dark). All rats had ad libitum access to standard laboratory rodent food and water. Rats were anesthetized with ketamine/xylazine cocktail and blood samples were obtained via orbital sinus, collected in heparinized tubes and centrifuged at 3000 rpm, 4°C for 10 min. RBCs were separated from the plasma and buffy coat and washed thrice with normal saline (PBS) before further analysis. DOSE OPTIMIZATION Dose optimization was done using haemolysis assay (Tedesco et al. 2000) . A total 100 μL of 10% RBCs suspension was incubated for one hour in 100 μL of different concentrations of extract (6.25, 12.5, 25, 50, 100, 200 and 400 μg/mL) at 37°C in shaking water bath. The mixture was then centrifuged at 3000 rpm for 10 min. The obtained supernatant was added into Drabkin solution and the haemolysis percentage was determined using spectrophotometer at 540 nm (Tedesco et al. 2000) . Percentage of haemolysis was calculated for each group and compared against 50 μg/mL butylated hydroxytoluene (BHT) and 0.9% w/v normal saline (NaCl), respectively. BHT was used as positive control with known ROS scavenging activity and NaCl was used as physiological saline for RBC suspension (vehicle control).
EFFECT OF EXTRACT AGAINST H 2 O 2 INDUCED DAMAGE
To evaluate effects of extract on H 2 O 2 induced haemolysis, RBCs suspension was pre-treated with the extract. The concentrations used in this study was based on the results of dose optimization. A total 100 μL of 10% RBCs suspension was added into the glass tube, followed by 100 μL of different concentrations of extract (6.25, 12.5, 25, 50 μg/ mL) and placed at 37°C in shaking water bath. The mixture was incubated for one hour, centrifuged at 3000 rpm at 4°C for 10 min, and the RBCs were washed three times using PBS. The RBCs were then incubated with 100 μL 2 mM H 2 O 2 for 2 h to induce RBCs damage. After two hours of incubation, the mixture was centrifuged at 3000 rpm at 4°C for 10 min, and the supernatant taken for haemolysis determination as described previously and the RBCs pellet used for oxidative stress evaluation.
OXIDATIVE STRESS
The RBCs were used for antioxidant status as well as lipid peroxidation and protein oxidation analysis through identification of malondialdehyde (MDA) and protein carbonyl, respectively. Superoxide dismutase (SOD), glutathione peroxidase (GPX) and reduced glutathione (GSH) were measured for enzymatic and non-enzymatic antioxidant status. SOD and GPx activities as well as GSH level were measured according to the Beyer and Fridovich (1987) , Ellman (1959) , and Lawrence and Burk (1976) , respectively. MDA was determined as the end product of lipid peroxidation based on method described by Hunter and Mohamed (1986) and protein carbonyl status was analyzed using modified Levine et al. (1990) method.
MORPHOLOGICAL OBSERVATIONS
Morphological observations were made using scanning electron microscope (SEM) according to Agrawal and Sultana (1993) with slight modification. RBCs were fixed with 3% (w/v) glutaraldehyde for 1 h at room temperature. Then, the RBCs were placed on the microscopic cover glasses and washed with NaCl twice after 24 h later.
Samples were post-fixed with 1% (w/v) osmium tetraoxide for 1 h and dehydrated in ascending percentage of ethanol (30%, 50%, 70%, 85%, and 95%; v/v) in 100% acetone. Subsequently, all samples were dried with CO 2 , coated with gold-palladium, and examined under SEM (Tecnai G2, FEI, USA). The data was analysed based on the study done by Taib et al. (2009) with some modification.
STATISTICAL ANALYSIS
The data were expressed as mean ± standard error of mean (S.E.M.). Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) version 18. The significant differences between groups were determined using one-way analysis of variance (ANOVA) followed by Post-hoc Tukey test with p<0.05 considered as statistically significant difference.
RESULTS

PHYTOCHEMICAL IDENTIFICATION
The presence of phytochemical constituents of Z. zerumbet extract is shown in Figure 1 and Table 1 based on gas chromatographic analysis. Compound identification was done by comparing with NIST library data of the peaks (Hossain et al. 2005; Jang et al. 2005) . Various bioactive compounds were identified in the extract which majorly contains zerumbone (2,6,10-Cycloundecatrien-1-one, 2,6,9,9-tetramethyl-, (E,E,E)-) at the percentage of 51.57% (Table 1) . Figure 2 demonstrates that the high doses of Z. zerumbet extract including 400, 200 and 100 μg/mL increased the percentage of haemolysis compared to the normal control (NaCl) and BHT group (p<0.05). However, no significant differences were found for the percentage of haemolysis between low doses of Z. zerumbet extract which were at 50, 25, 12.5 and 6.25 μg/mL compared to NaCl and BHT group. Therefore, based on the haemolysis percentage, four doses of Z. zerumbet extract (50, 25, 12.5 and 6.25 μg/mL) were chosen for subsequent haemolysis, oxidative stress and morphological evaluation. group had the lowest number of echinocyte formation and it is significantly lower compared with the H 2 O 2 group.
DOSE OPTIMIZATION
EFFECTS OF ETHYL ACETATE EXTRACT OF Z. zerumbet PRE-TREATMENT ON HAEMOLYSIS PERCENTAGE
DISCUSSION
The presence of various phytochemicals and the potential antioxidant properties including polyphenols and flavonoids in the medicinal plants could contribute to their valuable health benefits. The present study showed the presence of twelve compounds in the ethyl acetate extract of Z. zerumbet and the major constituent was zerumbone. This finding supports past studies that also reported zerumbone as the main compound in the rhizomes of Z. zerumbet (da Silva et al. 2018; Rashid & Pihie 2005) Zerumbone is a compound derived from several plant species of the Zingiberaceae family and it has been reported to possess multiple medicinal effects, such as antiproliferative against cancer cells, antioxidant and anti-inflammatory activities (Rashid & Pihie 2005) . Several lines of evidence showed zerumbone has free radical scavenging activity and attenuates oxidative stress. Recently Z. zerumbet ethyl acetate extract was also documented to have hepatoprotective effects on paracetamol-induced hepatotoxicity in rats and it was believed that the protective effects are due to the presence of high zerumbone composition (Hamid et al. 2018 ). Abdul Hamid et al. (2012) also reported that administration of Z. zerumbet ethyl acetate extract protected against paracetamol-induced nephrotoxicity in rats. Determination of the optimum dose for further biochemical analysis is important to ensure that the chosen dose has no observable adverse effect (Holland-Letz & Kopp-Schneider 2015) . Incubation of RBCs with the high doses of Z. zerumbet extract increased the percentage of haemolysis likely due to the possible cytotoxic effects of certain compounds in the extract (Tourino et al. 2008 ). This study is in line with study by Nag et al. (2013) showing that Z. zerumbet extract were found to be cytotoxic at higher concentrations, whereby the number of viable blood lymphocyte cells decreased significantly at concentrations 300 μg/mL and above. However, in this study the lower doses of Z. zerumbet extract ranged from 6.25 to 50 μg/mL did not cause significant difference in haemolysis compared to control group; therefore, these doses are safe and do not cause adverse effects to RBC thus were selected for further efficacy study.
RBCs are the most abundant cells in the blood, enucleated, has no organelles and protein synthesizing activities, therefore, become a convenient cellular model system to study toxicant-induced oxidative damage (Qasim & Mahmood 2015) . Several parameters were then determined to see if ethyl acetate extract could mitigate H 2 O 2 -induced oxidative stress and cell injury in RBC. In vitro haemolysis assay of RBCs is a very reliable and simple model for studying free radical induced oxidative damage (Banerjee et al. 2008; Qasim & Mahmood 2015 dual antioxidant/pro-oxidant effect of from its compounds, and their capacity to either scavenge or generate radicals may depend on the environment (Chakraborthy et al. 2014) .
Disruption of redox homeostasis, resulting from increased ROS generation or compromised endogenous antioxidant system is a basic mechanism of various diseases. H 2 O 2 is non-radical ROS with excellent membrane permeability and it is widely recognized as a mediator and inducer of oxidative stress. Importantly, H 2 O 2 was shown to oxidize poly-unsaturated fatty acids (PUFAs) and proteins in cell membrane and accelerate cell damage in various settings. Lipids and protein play crucial role in maintaining the structural integrity and physiological function of cells. Uncontrolled lipid peroxidation of cellular membranes alters its physical properties and leads to disruption of cellular proteins and nucleic acids (Gaschlera & Stockwell 2017 Oxidative damage to RBCs may be implicated in haemolysis and often is associated with deficient RBC antioxidant system. In this study, although RBCs were supplemented with different concentrations of Z. zerumbet, it did not restore the activities or prevent depletion of endogenous antioxidants. As RBCs are non-nucleated cells, they are unable to synthesize protein and are incapable of replacing damaged components. They have to rely on the proteins synthesized earlier in their production at bone marrow to protect them against ROS (Clemens & Waller 1987; Hattangadi & Lodish 2007) . Although this study demonstrated that the enzymatic and non-enzymatic antioxidants RBCs were fully utilized to protect the damage induced by H 2 O 2 it was noted Z. zerumbet does not necessarily boost endogenous antioxidant system to prevent oxidative damage and its protective effect may be due to direct ROS scavenging effect.
Haemolysis activated by oxidative insult leads to alteration in shape of RBCs. The scanning electron microscopy results strongly support our biochemical studies, whereby electron microscopic observations showed that H 2 O 2 caused a morphological alteration and significant conversion of RBCs from biconcave disc-shape to echinocyte form. The increase in echinocyte-formed RBCs by exposure to H 2 O 2 is likely a consequence of polymerisation and cross-linking reactions of membrane components associated with oxidant stress (Srour et al. 2000) . This morphological effect of the oxidant was consistent with the findings by Qasim and Mahmood (2015) .
The ethyl acetate extract of Z. zerumbet was very effective in protecting erythrocytes from oxidantinduced damage and greatly restored the erythrocyte cell morphology. Our findings showed that the lower dose of the extract significantly maintained the morphological integrity of the RBCs that exposed to the H 2 O 2 and considerably reduced the deleterious capacity of H 2 O 2 to induce RBCs haemolysis. The lowest dose of Z. zerumbet extract demonstrated significant protection against lipid peroxidation, protein oxidation and haemolysis in the RBCs exposed to H 2 O 2 . The ability of the lowest doses of Z. zerumbet extract in protecting the oxidative stress could be the reasons of retaining its morphological integrity. The protective effect of ethyl acetate extract could possibly due to the presence of zerumbone. This could possibly also due to the presence of different phytochemicals which may have acted in synergy.
CONCLUSION
It can be suggested that the ethyl acetate extract of Z. zerumbet at lowest dose has the capability to protect RBCs from haemolysis, lipid peroxidation, protein oxidation and morphological changes of RBCs induced by H 2 O 2 . However, the possible compound that is responsible for this antioxidant action is still unknown. There might be an interaction or synergy between the extract of Z. zerumbet and the antioxidants system, thus showing the potential in protecting the RBCs from oxidative damage induced by H 2 O 2 . The ethyl acetate extract of Z. zerumbet may offer new significant health benefits towards the pathological conditions that are closely linked to free radicals.
